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(54) WWOZWl &fc®&*&Wgm¥&*.TS J t<DW£t>m 



(57) 

nun 3tt©ttflra»)aut&**i«n±s*, 



1 1 1 




* ct xs n simimmmwm t tt&tsmitw^mftft 

im$V%3l In.Gai-.N (0<aSl) T'SW 

CW*3i 4 ] Mf2a{M»¥#&jg<DS;*:Jff^tf 2 o 

o~8 o o nm<Dmmmc&z<i ntzmnnttzmim 

[W*3S5] i"j3^K-^nftIn.Gai-.N 
(0 < a g 1 ) T*fc£n«fi<bfl^¥ttfMWfflGn 

aaafl:»*iimWMi±K:»j«*nTfeo, nnwdm. 
«3R¥«itti*te**n*s/y3^Ji*«<5 x io !0 ~ 

5X10 !I cm- 3 <Oii5HF«9{cSSCi:^®!i!i:-r5i»^ 
CW2R3i 6 ] M9&&tmmit- v >r>l* v Jt: o T 

{bto**HW*»*Bj«fis-&* e i: k * o «ja*ns £ 
?cosi>i7j»o 



(2) 4$M 2 0 0 3 - 3 1 8 4 4 3 

2 

mmztizct ttft®. t-rz m$$M 7 tg Bfto&ftftK 

[0 0 0 1] 

Cf»9i©K**Ktl5$HM *B9iH:Hlft£ I n, A 1 y G 
a 1 -x- y N (x +y + z = K OSxSl, Ogy^l 
/0 fcitfO^z^ 1) T*t)«n«^fbiJ^¥»ft:*ffl(/^ 

fcafb*3R*w»SBtt«?i3«i: *o«3fi35fi6 1 m? 

[0 0 0 2] 

•KlcJt^SfliWo^ffisBlflDS/Un^ (Si) 
SBtt*? fl«HJft3X HBa*©«j*tfr6flH/^ 5ti5 £ t 

20 [0003]iai2tcsi Sffi«rfflv>fc«e*«DS{bWIS 

¥*{*»JW?ttS till 0 0±tcA 1 
101, nlUG aNJf 1 0 2, InGaNMilO 
3, pfflA 1 GaN^'J77n-yi»Il 0 4^3*1? p 
§UGaNn>^^h^l 0 5^WH^9U12nTfct), p 
WIG aNn>^^ F« l 0 5±lc{iSJtittlfiS 1 0 6*' 
J^SESt!, nSGaNI10 2±K(inIffl©1110 
7it^B^.f£tlX^ 0 Z<E>K. mft&WM 1 0 6±tc& 
pSffl/W KSffi 1 0 8*W?n, nSJffl«D«fis l 0 
50 7±Hlf±nS!ffl^v K«S 1 0 9^?tlT^5„ 
CO 0 0 4] LfrU COifflI«^«?<DI 
nGaNSBftf 1 0 3*»6SM#«nfe)tt0 3-6S 1 
1 0 0 73 iSl'NlSiJ^o fcftfci S 1 lOOfci-3 TKUX 
£n3fri6, I n G a NfgftS 1 0 3 fr^jftJWStlfcft 

cooo5] *fe, s oo±ic&ffim<»%.mm 

ttBtit-t&c ttcj; t) S i a« l 0 0fcftjbUJfr£© 
<P c i: ic «k o T^©^g|5U t» to L$)}m*fa± 

co oo 6] £ne.op.aa^rft?}*-r^fei6, M200 

0- 1 9 6 1 5 pSG a N^WWllCIHiaS: 
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3 

pssg a N*m&®<Dmm&m< Litm& 

fcfipSGaN¥#WIlc£<<9*5y*tf£l^ mir 

!KS7lUE*KL;rdf*lcti pSG a N¥«(Mi(c3lo 

a N ¥SSWB<DJ!#aWV'> c^&i-7'^tf<):t)4C 
J P?<&r>rct>(Dtmm2n5o tcfc, p§!JGaN¥i» 
tt/f{i#Stimc{ftffiftfcft9fc< <, SSfcfflWfcJPv 

*W*MI±K:i8W«tt*««bfc»^-efc, pMGaN 
i|HWMi:»imMi:oilBO*-5»*WffiWH<» « 
HffitWW < ft * C i: ft» 6 XTOMtEj^ b T L 

[0007] 

a&n«-r s c fc * § n t -r 

[0008] 

<fc tf n attfbM9K¥«fMi t **MflaHK¥*ttlBtt 
*PT»fcoT, ±l3naaa<fc|»Ri|sa«Mi±*rK:ffilM- 
») tti LffifclHia««»«*nT^*»k«»JMsaM* 

[0009] ccr\ *&m<D&it®j&*m&&y(M : ? 

{cfc^Tti, aflsj/yay (S UNO , gtfb'f':^? 
A (I nzOsK &{b**S>2» (NCI2O2) , tt<k$>;]/ 
3X->A (Z r 02) , mt*$y (T i O2) , SWb-fe 
y>A (C e02) fe.fcO'^ftexvx (B i Oa) COP 

a> e> ft 5 v n*» 1 a** & ft s *s*f *at* J ±i a n 
[0010] tit. *fmvmc&a&mtiti&a&ic 

43V>Tfcfc, In.Gai-aN (0<a^l) T**b£ft& 
g{k%&¥W«ltf ±fiB n £!2<t*M(¥aK**±lc 

[0 0 1 1] *fe, *?^0g{btt^¥&ttRft*?tc 

*vth\ ±!3«<k»*i|s«fWi©«*»#*«2oo~ 

8 0 0 n mOfBHrtfc&S C tAWS LV\, 
[0012] Sfc* **M®ftftft^*tt8%JR?li: 
fci^Ttt, S 1 **K— y^tlfc I n.G ai-iN (0<a 



(3) ^2 00 3-3 1 84 4 3 

fomWc-S&tlZS izt£ttf5X 1 0 20 ~5X 1 0 21 c 
m- 3 <DffiWf*)lC$>%> £ fcAWS LV\ 
[0 0 13] *fc, *«Woafk*»3fi¥»(*»)teR?h: 
fc^Ttt, JdEBWStt-vfrrt' (N i) ^<y+(c<fc 

[0014] s^tc ±mmtm&¥&ftj$ 

3tt«?0«ia*Js6T»*oT, S COS 

aMfk«0R¥swMi±*ic, Mia**rr*jBR?>tHUB 

[0 0 15] £CT\ *fP£©g{b^¥##:#l!fti?t? 
IB n 3!3fl^ffi¥*{M&ffj«S£-»S Ct£<t:t)M 

[0 0 16] *^oafttt«¥«i4:«»«TO 
n ^flft$¥8ftj|*0Mrr 5 d fc <fc 0 tlZ> 

[0017] s/t, *9sm(osnkmj^m»mat^<o 

n ^{k»3R¥^*«rai5^«Jfe:x <y ^ >yr S C t tc 
[0 0 18] 

[0 0 19] (7tUt)ffiLffi) *»KOfi{k«JMi£«(4: 
Affile IH10«:#-r 5^5? OmtE^rnii^ 
fk*3RiMM*«±*K:«Br«cfc*W«f:r*. "Tft 

S nfc^O a *> T? JttflU *3 Hi Lffi fc» L TBBHiJBSf ft 
31£0*tasi!t»)ffiLSS!i**rtl±a-&»*ci:kft«o 

[0020] P iift«¥i 
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5 

mmmzmmfr-orcm-s tat a, t&t> <b m,\ 

[0 0 2 1] *fc % )tfl5ft)lllb®{±nS!Mb«s^«f* 
Jl©±ffi-efefet)»S*^ S 13N4, InaOa, Ndz 
02, ZrOz, TIO2, C e 02*5<fctj : B i Oa<DSM>> 
fcftSl/vf ftfr 1 fflfr 6&Si«;affi«&±fEn§!ig{b 

(D^nmcm *) oa? c ttfT>*n% ratytonmL *> 

ffiU»*OI<*I±«rH*)#*. nSIftif¥«(* 
[0 0 2 2] £Tc, In.Cai-.N (0<a< 1) T*g 

fr-£n%mitMm*mwm*±9E n attftswMNVfMi 

ffi±f 3Ci:fcT*#5 0 ImGai-.NiliGaNlJ: 
t)lRl±£-fe!1#£o Sft, In.Gai-aNKiGaNlJ: 

[0 0 2 3] CCT\ ±12 I niGai-iN (0<a^ 

i ) T?*t>«n*aMk*»iim(*«oftWii**i»2 o o 

~8 0 0nmOlBHrtt^SCi:AW*LVo ft<Dy1-g|5 

jsBfrtt2 0 0~8 0 0 nm<9fSBrtti:£& 
H/^^-pfeS. &*5, ±ta^CDg^^2 0 0nm 

[0 0 2 4] S t tfF-y*nft I n. G ai-.N 

( o < a ^ i) T&t>t£nzmitWk*m#m&±.m n 
¥mwmmcs%ri2> s iits^sx 1 o 2o ~5xi o 

tt0KaTODfflb&***9ffl±«-&»«. Sfc* ±85 
S lilStf 5 X 1 0 20 ~5X 1 0 2 ' c m- 3 ©iiSHF*3{Cfe 

iltf.fcO^fc&So Sfc, ±13 S iztft#5xi0 20 
cm- 3 *irefc3i:tf5 5\y FttOIHia*JBj«l/k:< 
±fgS i m&ft 5 x l o 21 cm-^tlU^^ 

[0025] sfe, 03fl*^tf«nfc3tai»)abffi±te 



(4) WfBfl 2 0 0 3 - 3 1 8 4 4 3 

6 

fiA U TU Zr, Hf\ V, N b*3<fctf I T OOg* 
[002 6] (HA) JiSKlOffiLffitJgjasnsiaOO 

[0 0 2 7] COHBOfftK^ffifcLTtt, tctXlin 
^^SfiKS^-arS^a, nilft«¥I#I±tS i , 

02, s i2N*mwx>?*Bi$.Lrmffi&>icT\mmit 
[0028] &n.m<WfWJ5mt lt», tct^is^ 

•^^-^KeSfctiT^S-^-iK^Ofi^^LTR I E 
— >&Bl&\srzmmWkfi%;\<\ COYX^^R I E 

)\>-? s c -e-r— > e. & s mia«i3g«rf^sa-r s c t «, 

So 

[0 0 2 9] #»Wfc:ffl^6ftS3£#»S 

S^S^'y+> Au> Au^ySnW^^ 
Stt^ftSS i, GaAs, GaP. I nPffflfi 

[0 0 3 0] *«WfcfflV^6n*EJW«tt, 
SWS(CS fe BM^WtV^T** A g Si^SCt 
[0 0 3 1] *?OWKl«ffi*ffiW«-a:*«jSj!p 

50 FB'BSMt%;2>lx.%iJ3<D%t'S.tLTIi&s ftfcx.lfPd> N 
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7 

ffi2 OmATOISKiajEJCKL^&Mtt*!/^, Pd 
SfSMS-esefctfT'^So 

CO 0 3 2] LfctfoT, SWe{±Pdd±{;:Au^ 
»LftpS8ffl*«SfcttAgO±tAu*3i«Lfcpa 
ffl«*g?fe*ci:*^&tSf*L<, Pd/Ag/Aufr 

coo3 3] ipsmikms^mmn tmruzM^z 

n*pSBaffc*3MNiiMiO#*i:LTtt, -IBS I n 
xAlyGai-x-yN (x + y+z=K O^x^U 0 
^y^ lfcitfO^z^l) T*t>?n5f<kM*« 
(*»C pS© K— h*<&A£ftfck<OtffflV^5ft3o 
CCX\ pSOK-A>ht LT(i, flefcfr&ian©** 
8*l^SCk*'?*, /-cfc*t£M g> Zn, CdSfi: 
(i B e m<D 1 «8HCLbWfl^ P.nt#5 0 

Co o 3 4] (fgfts) *«ii!fcm*&tt*»3WB«!>tt 

StfcLTte, fttM-Kln>Al»Gai-x-»N 
(x + y + z=K 0 ^ x < 1 , 0^y< l*5<fctf0< 

z g i ) T-*t>^nsMk»^#«:*^^ent#So 
*fc*«wicfflv^6n*sswitt, mqw i^mm^n 
p) ajw*ftt*sQw an— i?#p) fgftjf©</vf 

nT$r3TfeiV\ f8*flf £ InGaAIN, G 

aAsN, G a I nAsN, GaPN, GaInPN$ 

co o 3 5] inmmcMsmzmwN) i&mcm^z 
n&n&m<mi%k¥mt*m<owntLTii, nuts in 

iAl»Gai-i-»N (x + y + z=l\ 0 ^ x < K 0 

lfeAtfo^z^o •v&t>zti&&imm*m 

MCtm, S K O, C U S, C£fc 

C 0 0 3 6 ] (§gjl73 S) *5SIB©g{fc^¥##?2ft 

±15 S 1 SIS fc % ±f2n§|Jg{t^ 

J^te*ffiteiafi**rr *)tflx o w lbs«b 
[0037] ^tmic^riipmmm^mwm 

p £@{UtfflMNWM & C ©MHTMWi L fcf&tc P mmit 

ic %ftm&*gaiW. lxc tv&m^x •> x/ ^ 



(5) &m 2003-318443 
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co 03 8] Ltctf-ix, *&w<Dmmxm&m^ xm 

JO £tfX%Z££frt>, f%¥tm : ?<D=i>^'!7 b{tt>£b® 
mcm%C£tfX%2>C££%:2> a 

co o 3 9] &ib\ ±mm{m%&mftiM<ommim*; 

frZ£&}(DJ3m*m^2>£ ttfX'%. tc£Z.lZ L p Em 
x VP Eft («fiilf?+i'- 
ft) , MOCVDS Cfr«&JB^ffifiSftft) > MBEffi 

(SH^xtf^+S'-ft) > #xv— xmb EffiScfcfi 

CO 0 4 0] 

c o o 4 1 ] (HiM^j D01 ^*%w<DHSfifi>j i <om 

+A> P. ^S5t}t*« 1 1 ±fc p 1 2 «««J«« 
piyfflSffil 2±fcpiUG aN?7V H® 1 3, p 
30 f A 1 Ga I nN^t'jr^ny^il 4, InxGa 
i-iN*»64*a}Wl 5, S i K-^nSUI no.oaG 
aNo.9?^5'>KSl6, S i F-^nfl no.iGa 
o.sNl 1 7t3£ZfS i F— ^nHiG aNI^77 FS 
1 8*<IH^8MI*nTV^*o nSGaNi'77F 

*WT«nS!GaN)tB{»)ffiLSl 9*^^^tlT*5 
t), n§!JG a N)t^DWU^ 1 9©— g&fc: n SWfSflS 1 
1 0, nSfflS^y^Wil 1 l*^fig?tlTV^ 
S. 

^0 COO 4 2] tTFtCs 0 2*5J;t>'El3^rffl(/^T, 

So 1° ast>-r*^^-7L/ts i (i 1 1) i 
ts i o *, «w(%Mts & icb 5 %h F?mmx 1 *MJfe}# 
Lfc^, moc yDmmmcmxL, ?m (h 2 ) 

U(D^X\ i«I9 0 0 °C«DiSSfS-e ^ U -x y.Jf^ii. 5 o 
COO 4 3] mc. **V7fiX£ LTH2^r 1 0 L/ 
m i iHDW^-p^ErttMLft*^, 1 2 0 0°CT'NH 
3^:5 L/m i nCOfiJ-a-T', h >J ^^PT'/l/Sx^A 
(TMA) §20/imo 1/ml nOfiJ-g-pgertfcSI 
50 ALT> 02 {C^^tfc? {C S i SMS 1 0±{C 2 0 0 n m 
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p 

[0 0 4 4] mc. ^^VTJSXtlsTHi* 1 0 L/ 
m 1 nOflJ-&?g@F«3k:ifiL«:^P>, 1 1 5 0t;-pNH 
3*5 L/m i n<Dm-^X\ TMA%2 0/jmo I /m 
1 nOgiJ-g-T?, hU^^l/tfU^i* (TMG) £2 Oft 

mo i/m i now-fr-c^n^nanrtteSixuT 1 5 

0nm<D/f^<DS i K-tf>^f!&ofeA U.sG a 
o.sNll 1 3*J&g£-t!rSo 

[0 0 4 5] 7#XhLTH2* 1 0 L/ 

m i nOfiJ-a-P^grttC^b**^, 1 1 5 OtTNH 
3*5 L/m i nOiSM"?, T MG* 2 0 /t m o 1 /m 

i n©»£-C*Brtfc:*AU SetS 1 H4#X*# 
ALT, 1 ;tm<D/¥2«DS i K-fcf^SrfT&ofcnSy 
GaNIl 8*figgS-y:So 

[0 0 4 6] f&BiS**9 1 CCtKSU TM 

G*2 0/tmo 1 /m I n<DfiJ£-J?, HU^fM^ 
•^A (TM I) %20/imo 1/ml n09J-&T^Hrt 
C&AU 3 0 0 n mO)??OS i F— !7° I no. i G a 
o.iNil 7*/£gS-t±S 0 

[0047] t m i <Dmmft^<Dmxmzm 5 y. 

mo l/m i n{ciSE5> "TC 2 0nm«fS©S i 
K-^I no.o3Gao.97N^9-y FBI 6*/£g£^ 

So 

[0 0 4 8] Sl£rSS*7 6 0t$t«U T 

MI*6. 5(imol/mln, TMG*2. 8/imo 
1/mi nOfiJ-a-T^BftfcSiAU I no.isGao.82 
NJ:t>**3-nm»©#F**J**StfS. 
tf, 8 5 O'CST^iSU TMG* 1 4 /i mo 1 /m i 
n gfirtfcHALT G a N «fc 0 ^SP$lf®*fi!cSS^ 
5o PMMcJtFB, »B»©J*ft&ll«»>iBU 4-<7fr 
&**£BB?#]P» (MQW) ©InGa N 
TlfiS 1 5 CC7?I n«G ai-xN5gft/B« 

I n.G ai-«N©*Sfi!U*&*.SCi:»i:«fcD, /^HH 

aft *3^fllT?tt«fe"W»to- « tot tfe. 

[0 0 4 9] ±f2fg7 I 6^ 1 5 0jJ»fl<lt7Lfcfe ft% 
OPtilS JllWIUfiftT?, TMG* 1 1/tmol/mi 
n, TM A* 1 . lfimol/mln, TMI*40/t 
mol/min, p§U F-tf^JlStfXT'&S fcTX-> 
^n^^xx^v^S/^i** (Cp2Mg) *1 

0 nmo 1 /m 1 nOSU-g-TSBWcaJIAU 5 0nm 
I©Mg%K-lfy^LfcA lo. 20 G ao.75 I no.osN 
HWftSpS+t'JT^B'^gl 4*fi£gS-£So 

1 OOOXJfclHBLfcSK TMAOg@F«3^0#A*ff 
iLU 1 0 0nmSOMg?:K-^>^b/i:GaNI^ 

5&«pi^77 f* i 3 

[0050] ±j£<D «fc 5 IC L TSfbto 
*^7-T -5 £ , TMG, Rt>' C p 2 M g ©^*&*^it L 



(6) mm 2 003-3 18443 

JO 

sworn?,, 

[0 0 5 1] &»C, «7tT-A (E B) ^»^«*ffl 
lr\ pS?77 F® 1 3±lCpSfflBfli 1 2 i: LTP d 
*5nm©IffliL/i:f^ Au41%5 OOnml 
#-TSo toft, -y Affile «fc t) pSfflBfisi 2± 
KN 1 *>y**l 0 0(imMU5t«fMl 1 t? 

So 

[0 0 5 2]#tc, 03tc^-r<tdtc, 3££fS«l 1* 
ffl^T^x/\*K<ISS-fc>\ S llil 0*HF*5<k7J : H 

<fc!3l&*U A 1 N/^77il 1 2*5j:tf A lo.sG 
ao.sNIl 13*RIEi£ (SJSttl > ^>x-y 

[0 0 5 3] tLt, S iSIf^iSLftfxn^M 

» i o o o xwmuT—m.&m#x-i?m j pm<km<DU 

£-rsc£T, ^x/\«ffi©^U— x^*fT&-5o 

[0 0 5 4] ^-O^ *^U7^fXi:LTH2*l 0L 
/ml nOSiJ^t?iSb^5, 9 0 OX;T?NH3*5 L 
20 /m I n <09J^-e, TMG* 5 0 p m o l /m I n cDSU 

i H4*^*vrnssi*3fc»AU **jp*au o o n 

mOnSG a N*^ft5IHIia«!ii**Lfc^5 WbB 
l 9*J&g£-£S„ 9 0 O'Cfcfc^Tfi, tEHK 9 ft! UP 
l 9©fi!cSMS*±lfSCh, SL<{±NH3^rxO» 

Afi* WS c i: T\ *»c7)^** LfeEQfii«JB0319R 

DttLB-l 9©fl**n«ni&fcfcs. 

[0055] e:n6±Bo¥j*T»iai!!i**fiKbfca{b» 

3R*SW*«yaiH t ±0-»fc:, nill 10, *yf^ 
^g-e-H 3 00/1 mftfc^JLT:*^W©SHt»JR 
[0 0 5 6] _kjSLfcJ:3fc:, *Dl14©i£V>S 1 WS± 

»« i i *fflvR«u nsca nmm\cm\^^mm 

llfr&ftaiHBfcB.tscfcfc.koT, ftco^-gpiR >? m 

o^it;^^*^7 , em7*^ss}-rs c htf-ezzo 

40 [00 5 7] (HfiS^IJ 2)04 fc*«B^C0^WJ 2 

NJttUfOtab® 2 9£D±BfCA 1 ft>&&«Sft&tt&» 

So 

[0 0 5 8] a^usffiJoafkKWR^WftSyfiJR^tt, « 

s**te/-cN i ^•y^e.*s^««2 i±.ic P mm 

t«2 2!lCM2n, p^ffl«S2 2±tpiUGaN^ 
77KI2 3, piAIGaInN*t'J77n-y^i 
50 2 4, I niGai-i N fr 1 ?> & S S^fcg 2 5 , S 1 F~^ 
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11 

nil no.o3GaNo.9?^77Ki26> S i K-^n 
Ml no. i G a 0.9 N/1 2 7 43*0* S i F^nSGaN 

GaN^5yFI2 80±ffiJCtt, S«fi*fTa5c:fc 
■CfWB LfeI3fl«Wr * n9!GaN3tt*?>aJUI29# 

C0 0 5 9] ^lM2^i{t««#^f 

9<D±HfcA l»&ft8fttttlU2 1 3tfX*ttK: 
J:03fg«*nTj3t), aftttttM2 1 3<0±S<D— ffl 
lCn§!Jfflffi*&2 1 0, nSffi^Vf ? ^>y«@2 1 ltf 

M^ntt^o ±aufc*ses«k:i3^>Tfe, yean 

c o o 6 o ] atmi 3)^5 ttrnxomtm 3 
mcomimm^m^ytm^t, s i K-^naGaN 

mt^v FS3 8£>_kffitCteS i 02^e^:^^X^3 
1 4tfflM2nTfc!K IRWtfltKnftnfflGaN 
Jt*DffiUl3 9fcl£95y FttOJKtt 0 HJ LH 3 9 a 

[00 6 1] m 

«#*MafcN i *v*fr&&33fc«r««3 l±*£p§yffl 
M3 2jW£j***U p^fflS^3 2±tCpSGaN^ 
^FJB3 3, pSAlGaInN*tU7^ay*I 
3 4. InxGai-xN^6ft8»)M3 5> S i K-^ 
nIIno.o3GaNo.97*57Kl3 6, S 1 K-^n 
§y I no. i G ao.9NI3 7fe«ktfS i K-^nfiGaN 
m*9y}*m3 8WM#mi£tlT^*o Sfc, nfG 
a N * 5 y FA 3 8 0±ffitc&S/£g£:fT& a C £ T?f£ 
Si L fc C3 a * # *T S n S G a N Jtffi 5 Hi L /1 3 9 *< JgfiJt 
2*iTV>£ 0 nffiGaNJtt*0fflbJi3 9©-fBfc:nlS! 
ffl«&3 1 0, nfiffl^f-r^WS 1 
tlTl/^So nfiGaNl*7'yKI3 80±B 

StRWfc/SSSnfcnSaG a NJWOfflUJi 3 9£ t?^ 
3* Ftt©JfcSKDffibffi3 9 a«?ntv^ 0 ±a? 

[0062] (nss#y 4)@6 ic^Anoitttn 4 <oa 

DtfiLlf 4 9te**$tfctt©3ttRt>aiLE4 9a« 

[0063] *it«woafk»3R^w#aja5?«4, a 

tl4 2«^tl, pSfflflffi4 2±fcpSGaNi7 
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5yFJl4 3, pSAlGalnN^'J/^Dy^I 
4 4, InxGai-«N*&485Btl4 5^ S i F— ^ 
niIno.o3GaNo.97^77K!46> S I F^n 
m I no. i G ao.9N»4 7*5<fctfS i K-^nSGaN 
mt^y FH4 8**«&««SftTl^So Sfe, nlG 
aN^77 FS4 8 0±BlCttnlG a NftflXDffiUl 
4 94^lSJnT^8. nMG a N Jtffi t) ffl bJB 4 9<D 
— «HCnSM<0««4 1 (K nlffl,f>f^^ti4 
1 l«^tlTV^ 0 2 nSGaNMOffib 
70 JB4 9JC»^*ffCttO)ttffif5fflbH4 9 aAMSh 
TfetK «^lS4 9a«if^Si§^^ot 

[0 0 6 4] (!WS{fCtt^l!(!)tBlS4 9 attU 
T©*5»cLTflP«*n« 0 *"T, n!GaN^77F 
J14 8±fc«*9l /im(DXh7^^^^:§YX^/^ 
1 8 0 rT- 3 0 »MJIWKI«rfTa 5 

0?b^{?cltt^^n^GaN7 1 fi^DtBbS4 9^K¥ 

[0065] (mmm s) mi \c^mmmmm 5 <og 
[0066] *nMm<Dm<m&¥m&&ytm?&, m 

W5 2^MStl, pfflfl§*K5 2±fcpl!!GaN* 
5 y FJB 53, p §y A I0.20G ao.75 I no. 05 N + ^ V 
T7uy?m5 4. |8JfcJi5 5$5&ZfS i K-^niG 
aNl»77 FS5 8^JH^a®^nT4oD, ngiGa 

LfclHI£b**-r*nSG aN3tt«jOmUJi5 9^UX 
A«te««StiTV^* 0 CcOnSiG aN^0ttJLH5 

151 1 *VKjtfc**lTl/^o 
40 [0 0 6 7] feCFte, ***flW<oa{k»5R¥*#«)tt* 
?O^5t»ffitcO^TItt0^^ o £*f> 0 8 (a) 
18S2 0<D (001) £ffi6 0£ (1 1 1) 77t7 
h®6 1 <DM&*7KLrzmV&*), M8 (b) *3<fctfEl 
8 (c) (iS iS«20*7. 3° *7Lfc (0 0 1) 
ffi* (1 1 1) 77*yhffi6 l*3<fct/(l - 1 0 1)7 

[0 0 6 8] CC0EI8 (a) ~ (c) fc^Tcfc 5 tC, 
(001) ^ffi6 0*0 [01-1] «lO*toOT7. 
5(? 3° mfcLfcS li«208L<tt, clW&ffil© 
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13 

i 02 5 1 4*C<kSvx*«:«SU fOS 1 02 5 1 4fr 

5£hT\ CCD (0 0 1 ) ±M6 0£*tfttf6 2° £ 
&&(1 1 l)77t7 hS6 l£&Ofg£J£/£U 

T\ (1-10 1) 7r*feu/ hffi7 0£r/£gffi£:L7cG 
a N^¥»i*M*t#^ C £tfnjmx&2> 0 
CO 0 6 9] llT^/cS i*&2 Ott (0 0 1 ) £ 
160^57. 3° [0- 1 - 1] fifatcmtftc, f & 
(0 0 1) ±ffi6 0^6 [0 1-1] ffl^Sct^T* 
7. 3° tslKL/c^S6 O^OfeOTfeD, dtl^cfc 
K> (1-101) 7T*.vYmi 0\$$ 1S«2 0(?)± 
ffi6 0^^i?PCffi7affi^OC:h^T#§o &:fe, C 

(l-ioi) K*w^£^#T¥ii&ffiw# e>n 

[00 7 0] ^CT\ 09 (a) , 09 (b) . El 9 

(c) *5£t/09 (d) mmc wm\m±\z-<Dfrmt 

p§M@5 2*5cfctfN i *V*5 l^SS^ltft 
mircfe. S ll«2 0%f&£ir2>c£T\ <KDS iS 
8200(111) ^r-tr^ hme nc^oT^^ti 

coo7i] «-k MmKwmrzt. **\ ±ibt 

KWbftS ilt«2 0*H3S>U *<D±fc:. 

L<ttC VD^fttB*ffll/\ 010 (a) 

S i 02VX^5 1 4£:1 OOnmlti^^o ^CO 

S i 027X^5 1 4tXb7^^Kfc»St*o 2£ 

^CcfcoT. 010 (b) lC7jk*?£5lc (1 1 1) 77 
•fey MB 6 l*feO|p|*»*r*. COiB, S l 
2 0C0 [0 1-1] ^T^]tcjSffL/c:Xh^«l'7 p «<7)ST* 
CCX\ S iS«2 0O±!6 0^ (111)7 

r-fey h®6 i toa-rfttttte 2 0 -e&s 0 3Wc* 0 

10(c) iCTfk-f&olc (1 1 1) 7)"byH6 10 
ttfnJffifclS i 02VX^5 1 4 atemtifrZo 
[0 0 7 2]*fc, SiIfi20(D7rtyhffi6 1± 

[0 0 7 3] St, ±13*CE L 7a ^ X <fc o T rff 
**UftS/U3>IME2 0*MOC VD«Hrt»cJiA 

U H2»H«o<t>t», mi 1 0 orosia-e^u— - 

[0 0 7 4] *iryr*fXkLTH2*l 0L/ 



(8) ftM 2 0 0 3 - 3 1 8 4 4 3 

m i n0M£?i)KL3:£<e* 8 0 OtTNHa^ 5 L/ 
m i n <DPl^X\ TMA5:10//mo 1 /m i n <0fiJ-& 
T\ ftlfniBrt^iALT, 011 (a) tejR-TJ: 
7lC#J5 Onm^IMA 1 NrtyyrM 1 2 0*J«S 

*oaroi:ja*T, tma©«»*#iI:u tm 

G^2 0/imo 1/mi nOSJ^\ SiH4^X^r 
0. 0 5 /a mo 1 /m i n ^9J^T**ft^nSSF*lfc:# 
AU *93 /zmCOiS^^S i F-^nSGaN*7'yK 
■ 5 8SSS?«o 
/0 [0 0 7 5]^tC, TMA. TMI> TMGO«8S*ff 
±LT, SfiiS«*7 6 0tS7?St«aU TMIS 
6 . 5 /x m o 1 /m i n OfiJ^'T?, TMG^2. 8/im 

oi/mi ncDm^xtn^nmm^zmxL, i n 

o. ieG ao.82N<fc D&&3 nm/PO#pJl*rJ5Kfit"So 
*-<D&STJ\ 8 5 0t*T*SfiU TMG^14|imo 
1/mi nOffl-&-e«HrtfcS»ALG aN*0a:S|»S 

U 01 1 (b) &c^rr<fc«5tc x 4^7*64S^ii 
(MQW) frB4S»BI5 5*l8K«. 
20 [0 0 7 6] ±|3«)tJBO«**^R7Ufc«, S^OIS 
SH^IrICSST?. TMG^l 1/imol/minOfiJ 
TMA^l. 1 ^xmo I /m i nCOSiJ-a-T?, TM 
I*4 0|imol/minO«^ Cp2Mg^:10 
nmo 1 /m 1 nOi^81rt^«U SOnmSO 
p§^A I0.20G a 0.75 I no.05N + tV7yn7^i5 
4£r/£S£^£ 0 yUCpmA I 0. 20 G a 0.75 I no.osN 
U 77D y 5 4 Offifttf»7t* k," ntt/ftR 
ajKfcfe^TTMAO«)|»*ff±L8 0 nm»OpS!l 
no. 1 G ao.9N^77 FJ1 5 3 <DJ5£fi£r?f&:V\ 0 1 1 

50 (c) tc^msT** «jws?«ijaoj«fi«»T'rs 0 

TMG, TMiatfCp2Mg©«ttS*ff±L 
SifiSTJfrWU MOCVDgI^09(t)fflto 
[0 0 7 7] ±e/SS*tt*fflV*T SIIS20 ±lcft 

«uftafb%¥sw*«««?±te, (eb) 

Ifgi^ffl^T, pgJ/Btt® 5 2 £ 1 0 0 n mOli 

■c«*rr*o ccDpmmmms 2±ic^ n 1*^**1 

OOjimttU 0 1 1 (d) ta^i5te4^lif*:We« 
?OJ»«S5 1 £Lfc 0 
[0 0 7 8] nffiGaN*79Ki5 8(KlO 

»«tt*±*J f 4Cfc*aW4:U A1NM777112 

0 *5<fc S i a«llffiMifi<0«attO«V^Jl«: RIEg 

•T^o «*teJtt*DtHUi5 9±lC, VdWcnWi5 

1 Ofeitfspy-r-f >^®8i5 1 l«rJBfiEU T^tc^ 
XA^^VS/y^ft^ 0 0 /xm^tC^$ij^4o ±a? 

50 £Cfc#T*** 0 
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16 



[007 9] (nam i ) mmm i ^mm&^mmz 

tc, nffiGaN»^5yKJBl8±lClt»nSiffl*«l 
C0080] ttbi&0IJ 2 ) 1 4>gfcft*¥8tt» 



* [0081] (M£ts£) «ms0v i ~ 5 ts&zftmm i 
s&spows*fTat>fc. Ttea i (chasm i~5*j;tf 

■To 
[0 0 8 2] 
[«1] 





£»1J 


JtttM 


1 


2 


3 


4 


5 


1 


2 


(V) 


3.5 


3.5 


3.5 


3.5 


3.5 


3.5 


4.5 


P(mW) 


2.0 


2.0 


2.0 


2.0 


2.0 


1.5 


2.0 | 



[0 0 8 3] m 1 ■frt>*>t>frZ>Z:oK. 1 ~ 5 <0 

«^?i:IK16S£Ett3. 5VTBtPMi^ fUS&tfJ 1 
~ 5 oafk«0R*aW*«3tt*?<OJt« t) ffl L^tt 2 . 

o mw-pfe o % jtttffli i (o^itrnzk^Btefsytm^vyt 
5osaft«»*sw*a3t«?«tfc«« i ©aft**** 

[0 0 8 4 ] $fc, Sffltffl 1 ~ 5 ©S{fctt*iftKf«8*e 
l£?©gK»|1IEEti: 3 . 5 VT'fe t) , i:bii!0IJ 2 ©gfcfeft 
^Wf*^^? ©IKftmjEtt 4. 5Vr**Ct*>6, 

HflSflJ l ~ 5 ©&{k1i^ftlltt?8^?tttttftffl 2 ©g 

[0 0 8 5] ^Ili^3nfc^©&ffi:&£tfl&tt0llti 
5tl5^TS5. #»W©«iHtt±ELfc«lil!Ttt* 

[0 0 8 6] 

[HB£Offl#*IKB^] 

[0 1 ] mmm 1 ©sftw^araatt**©*^ 
[02] p si * =y <? YmMmmnmm iomm 

CH3] Si £tttt£ft<OHffi0J 1 ©Sfb*WR¥«fl: 



im 4 ] mmm 2 ©s{u^^tt&^?©«t£tt 

[ia 5 ] mmm 3 ©*<i^^tt?g^?©tit3£to 

m e ] mmm 4 ©£<uftft^{*&^?©«ts!;tt 

[@7] mmm5<omim^^mimytm^<om^.m 

[08] S iigt77*7 hffikOH«**bfe* 

[09] gfl^^ft«©«ffirt£to$^&i%Lfe 
<iSW^il^:0T-fcSo 
[010] S 1«R<0— fflWcrl»*LT7r-by hB* 

[011] H«SM5 0g{t!fel^iff*:^3tlR?©ftSi 

[012] tt*©a{Hfe^^9&^?©«&tt& 

11.21.31.41.51 12.22,3 

2,42,52 p§nmwM> 13,23,33,43,53 

pmt^V KB, 1 4.2 4.3 4.4 4.5 4 pS*-V 
U >y 15.25.35.45.55 WtM. 

40 1 6 . 2 6 . 3 6 . 4 6 n Wk I no. 03 G a No. 97 ^5 *y 
FJ1> 1 7.2 7.3 7.4 7 nS I no. 1 G ao.oN 
i, 1 8,2 8.3 8.4 8.5 8 nSGaNI^77K 
m, 1 9.2 9,3 9,4 9.5 9 JfcflXOfflUB, 39 
a. 4 9a ttK&DlUUE, 110,210.310,41 
0,510 nSfflWi, 111,211.311,41 
1.511 nfgffl^V-r^ V^WS, 112,101. 
120 M>y7rS> 113 A lo.5Gao.5NI. 2 
1 3 jgft14H®f > 314.514.514a 

10.20,100 Si Sffix 6 0 3eM, 6 1 . 
50 7 0 77'b7W, 1 0 2 n§UG a Nl, 103 I 
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17 18 

nGaNSM 104 pSlA 1 G a N++ V T7n ftttWi, 1 0 7 nSMOWSs 108 pSW;<»K 

•y^Ss 105 pSG a N^y^i- hjf, 106 I tfS, 109 nSfflMyKife 



[01] [0 2] 




[05] 

[06] 
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(12) 



&m 2 0 0 3 - 3 1 8 4 4 3 



1 1] 



m 1 2] 



(a) 



1 20 




<b> 



1 20 



<e> 



1 20 



6 5 




1 09 



1 07 




(d) 



1 20 




(72) nwm mm «#rf 
(72) mm *» *m 

*EilWclErfJW«WKfi»W22#22# $/ 



F A(##) 5F041 AA03 AA24 CA05 CA23 CA33 
CA34 CA40 CA65 CA74 CA82 
CA92 CB15 
5F045 AA04 AB09 AB14 AB17 AB18 
AC01 AC09 AC12 AD11 AD12 
A013 AD14 AD15 AF03 AF04 
AF05 CA11 DA52 HA04 
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